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I.  Introduction
This chapter (Water Demand Chapter) is one component of a comprehensive update of the
Maui County Water Use & Development Plan (WUDP).  The purpose of the Water Demand
Chapter is to characterize historical, current and future water use for purposes of developing a
long term WUDP.

This chapter characterizes and presents projections of water use and demand for all DWS
water systems and community plan districts in Maui County with the exception of Lanai.  A
separate Lanai WUDP update has been in progress for several years and is currently in draft
form being reviewed by the Lanai WAC.

Water use and demand projections for non-DWS users and purveyors will be documented in a
separate section of the WUDP.  

The Water Demand Chapter is organized in several sections.  

•   Conventions and Definitions.  This initial section identifies several conventions and
definitions that are used in the water demand chapter.  

•   Historical and Current Water Use.  This section characterizes past and present
water use.  Data is presented in the form of tables and charts.  This draft includes
information on DWS water use.  It is expected that this will be supplemented by
information regarding non-DWS users and purveyors when this information is provided.

•   Demographic and Land Use Planning Data and Projections.  This section
presents the socioeconomic and land use projections that underlie projections of future
water demand.

•   DWS Water Demand Projections.  This section presents forecasts of future water
demand for DWS systems.
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II.  Conventions and Definitions
Several conventions and definitions have been adopted in order to clearly characterize and
analyze water use and demand.  Some of these conventions and distinctions are briefly
summarized below. 

Geographical Areas and Boundaries
There are several types of geographical areas and boundaries that are important in the analysis
and planning of water resources.  These include:

•   Community Planning Districts (CPD’s).  According to provisions in the Maui County
charter and ordinances, the WUDP must be consistent with general and community
plans.  These plans are distinguished geographically by community plan districts.

•   DWS Districts and Subdistricts.  Historically the DWS has based its planning and
accounting on the basis of five districts: Central, Upcountry (sometimes referred to as
the Makawao district), West Maui (sometimes referred to as the Lahaina district),
Molokai and East Maui (sometimes referred to as the Hana district).  Each of the DWS
districts is subdivided into several subdistricts.

•   Water System Boundaries.  DWS water systems do not all conform to the
designation of DWS districts.  The Central and West Maui districts each have one  DWS
water system.  The Upcountry district has four interconnected water systems.  The
Molokai and East Maui districts have several independent DWS water systems.  In
addition to these DWS systems, private non-DWS water systems serve several areas of
the county.

•   Hydrological and Regulatory Boundaries.  Surface water and ground water flow
according to the characteristics of the topological and geological characteristics of the
islands.  Of particular current importance is the management and regulation of
groundwater withdrawals in accordance with the assigned sustainable yields of basal
groundwater aquifers defined by specific geographic boundaries.

•   Meteorological Areas.  Water demand is dependent upon climate.  Climate differs
dramatically between different areas of each island. In order to account for the affects of
weather on water demand it is necessary to consider meteorological areas that do not
correspond directly with the boundaries of water districts or systems.  The Central
system, for example, includes both the Kihei/Makena area and the Wailuku/Kahului
areas which differ dramatically in climate.  Similarly the Upcountry system includes both
the dry and often irrigated Kula area and the wetter, seldom irrigated Haiku area.

•   Demographic Areas.  Economic and demographic characteristics that affect water
demand also vary dramatically between different areas of the islands.  These areas do
not correspond directly with the boundaries of water districts or systems.

•   Census Divisions and Tracts.  A substantial amount of valuable data is available
from the 2000 decennial census.  This data is tabulated according to census designated
places, divisions and tracts that do not correspond directly to the boundaries of water
systems or districts.

A careful and methodical approach was taken with respect to all of the types of geographical
areas and boundaries identified above.  For characterization and projection of DWS water use
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and demand the “least common denominator” of geographical boundaries is the DWS
subdistrict.  Generally, in this chapter water use and demand is characterized and projected for
each individual DWS subdistrict.  These characterizations and projections are then summed, as
appropriate, to produce tabulations for each community plan district , each DWS district and
each DWS water system.  

Premises, Services, Meters, Accounts and Customers
The DWS uses several terms in reference to its own system that are applied with specific
meanings.  These terms are used consistently throughout the WUDP as follows:

A premises and a service are essentially equivalent terms which refer to a specific location of
exactly one water meter that is treated as one account.  A single location (a residence,
business, lot or building, for example) could have several water meters installed and would be
considered several premises (one premises per water meter).  In other words, there is a one to
one correspondence between premises, services, accounts and meters.

Each premises (meter) is registered to one customer.  A customer, however, could and often
does have more than one premises.  In other words, there is a one to many correspondence
between customers and premises.  Each premises has one customer but one customer could
have one or more than one premises.

Loosely speaking, a premises can be thought of as a location of one meter.  A customer can be
thought of as a person who pays a water bill.

In some instances using common industry terminology the term “customer” may refer loosely to
what is more accurately termed “premises”.  The terms  “customer type” or “customer class”, for
example, are used commonly but really refer to a characteristic of a premises, not a customer.  

Classes of Users and Uses
Water users and uses can be categorized according to several types of criteria.  Although some
of these classifications refer primarily to type of users and others refer primarily to types of uses
the distinction is not always perfectly clear.

•   Use Class.  This is a common general type of classification used by water utilities.
This is often referred to as “customer type” or “customer class”.  There are many
possible specific definitions or summarizations of categories.  For example, an extensive
system of Standard Industrial Classification (SIC) codes maintained by the U.S.Census
Bureau is widely recognized and is sometimes used to classify water uses. 
Classifications used by the DWS are listed below:

• Single family residential
• Multi-family residential
• Commercial
• Hotel 
• Industrial
• Government
• Agricultural
• Religious
• General



1    Recycled water is the same as “reclaimed” water.  DPW prefers use of the term “recycled water”.
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•   Rate Class.  The DWS and various private water purveyors in Maui County have
several rate classes.  A rate class is a group of premises that are charged  for water
according to a specific rate schedule or “tariff”.  The DWS has two general rate classes:
Agricultural and General.  Several private water purveyors  identify several  rate classes
by grouping the “premises types” listed above into summary categories.  The
Department of Public works also provides recycled water according to several rate class
tariff schedules.

•   Potable / Non-potable / Recycled.  The DWS and several other water purveyors
provide potable water to most premises.  In some cases non-potable water (untreated
surface water) is provided to some premises.  The Department of Public Works also
provides recycled water.1  

•   End Use.  This classification refers to the specific uses for which water is ultimately
used.  End uses can be generally grouped into indoor uses and outdoor uses.  Indoor
end uses are typically more specifically identified by fixture/appliance type (such as
toilet, kitchen sink, lavatory sink, dishwasher, washing machine).  Outdoor end uses are
typically more specifically identified by functional use (landscape irrigation, crop
irrigation, car washing, swimming pool, etc.) 

•   Land Use.  Land use categorization is particularly important for consideration in
developing a WUDP.  The State Water Code [HRS Chapter 174C] specifies that there
will be “water use and development plans for each county which shall be prepared by
each separate county and adopted by ordinance, setting forth the allocation of water to
land use in that county.”  It is clear that the “allocation of water to land use” is a
fundamental objective of a WUDP.  It is substantially less clear how this allocation is to
be performed or what classifications of land use are to be used.  It is generally agreed
that the allocation of water to land use has not been sufficient in previous WUDP’s. It is
also generally recognized that this exercise presents substantial challenges. 

There are several possible ways to categorize land use.  These include some of the
previously outlined methods to categorize uses listed above. 

• State land use designation

• General Plan designation

• Community Plan designation

• Zoning designation

• Permitted uses within zoning designations

• Current occupancy uses (premises type)

• Rate class (agricultural and non-agricultural)

Although some categories are more clearly “land” use categories, all might possibly be
considered consistent with the statutory charge to allocate water to land use.

In the Water Demand Chapter water users and uses are categorized according to the water use
classifications for which sufficient data currently exist.  The tables and charts presented in the
chapter portray water use broken down by use class, rate class and by potable vs non-potable
water.  As data are developed in the assessment of water conservation potential, water use will
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also be categorized end uses.

Definition of Water Demand
Several conventions regarding the definition of water demand have been adopted in the water
demand chapter.  These conventions have been adopted to promote the specific purposes of
the demand characterization and projections for the analyses to be performed in the WUDP
process.

Constrained vs Unconstrained Demand
Water demand can be defined in several ways with regard to possible constraints on economic,
demographic or water system growth.  In one sense water demand could be characterized as
how much water would be required to meet unconstrained growth.  In another sense water
demand could be characterized as the amount of water needed to meet growth that is most
likely to occur based on consideration of likely constraints.  In some cases the constraints on
growth could be the availability of water supply.

The projections of water demand presented in this chapter are based on the economic and
demographic projections in the 2006 Socio-Economic Forecast prepared by the Maui County
Planning Department.  In the Socio-Economic Forecast, economic and demographic projections
are made for each island and for each community plan district on the Island of Maui.  The
projections are based on long-term economic forecasts (unconstrained) with short term
modifications based on known specific projects and issues.  These assumptions are identified in
the text of the Socio-Economic Forecast and in the spreadsheets used to generate the forecast. 
No other explicit assumptions are made in the water demand projections regarding specific
constraints to economic, demographic or water system demand growth.

A broad range of five water demand growth scenarios are developed for DWS systems in this
chapter.  These scenarios are provided for each of several geographical breakdowns, including 
DWS districts, DWS subdistricts, meteorological/demographic areas and for each CPD.   The
five water demand growth scenarios include a base case, a high case and a low case which are
based on the base, high and low demographic projections in the 2006 Socio-Economic
Forecast.  A medium-high and medium-low case are developed by interpolating between the
base, high and low cases.  

In the context of the WUDP process several demand growth scenarios will be used in resource
planning analyses to represent a range of possible but uncertain future circumstances.  It is
expected that there will be some discussion regarding the selection, characterization and
possible adjustments to the water demand projections during the WAC process.  Part of this
discussion is expected to clarify the extent to which existing or future economic, demographic or
water system constraints are reflected in the demand projections used in the resource analyses. 

Consumption vs Production Requirements
Water consumption is defined as the amount of water distributed to identified users, usually
measured as metered water demand at the point of use.  Water production requirements
exceed water consumption to provide for “unaccounted-for-water” including unmetered uses
(fire protection, unauthorized use, water department use) and transmission/distribution losses.  

The projections of water demand presented in this chapter are based on levels of water
consumption.  Production requirements used in water resource analysis and planning will be
separately determined based on the consumption projections identified in this chapter along
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with explicit assumptions regarding sources of unaccounted-for-water.  One reason for this
approach is that programs or activities may be evaluated that are specifically designed to
reduce water system losses, water department use or unauthorized water use.

The water use data in the tables and charts presented in this chapter are labeled as water
“demand,” “consumption” or “production” as appropriate.  As noted above, the term water
“demand” is expressed generally in terms of consumption (not production) needs.

Impacts of Demand Side Management Programs and Recycled Water Use
The characterization and projection of water demand presented in this chapter include the
impacts of past water conservation programs and existing levels of recycled water use.  Impacts
of future programs and any increases in recycled water use are not included in the water use
projections.  These future measures will characterized and evaluated as potential resource
options used to meet the projections of water demand identified in this Water Demand Chapter.
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Figure 1   DWS Historical Consumption by Community Plan District

III.  Historical and Current Water Use

DWS Historical Water Use: Summary Tables and Charts
This section presents information regarding water use on the DWS systems.  Water use by non-
DWS users and purveyors is presented in a separate section of the WUDP.

Historical DWS water consumption is documented in several tables and charts presented below. 
The tables and charts present consumption data summarized according to several geographical
categories (CPD’s, DWS districts, demographic/meteorological areas) and use categories
(premises types, rate classes, potable/non-potable).
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Figure 13   Historical Monthly DWS Consumption by Use Class Code: Wailuku-Kahului CPD

Wailuku - Kahului CPD DWS Historical Water Use
The table below depicts monthly water demand for each use class for several recent years.  Single
family dwellings are the largest  users of water in this district.  The cyclical demand pattern for
single family use class indicates a substantial component of outdoor water uses.  The next largest
use classes are the commercial and government classes showing a discernable but less
pronounced annual cyclical use pattern.
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Figure 14   Historical Monthly DWS Consumption by Use Class Code: Kihei - Makena CPD

Kihei - Makena CPD DWS Historical Water Use
The table below depicts monthly water demand for each use class for several recent years.  A mix
of use classes contributes to water demand in this district.  The largest use classes are single
family, multi-family and hotel classes.  The multi-family use class includes both resident and visitor
components including apartments, condominiums, time-share units and hotel units.  There is a
strong annual cyclical use pattern for these use classes indicating a substantial component of
outdoor water use.
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Figure 15   Historical Monthly DWS Consumption by Use Class Code: Makawao - Pukalani - Kula
Community Plan District

Makawao - Pukalani - Kula CPD DWS Historical Water Use 
The table below depicts monthly water demand for each use class for several recent years.   This
community plan district shows the largest component of agricultural water use, matching single
family use.  These two use classes comprise almost all of the water use in the district.  There is a
strong annual cyclical pattern, especially for the agricultural uses which are exclusively outdoor
uses. 
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Figure 16   Historical Monthly DWS Consumption by Use Class: Paia - Haiku CPD

Paia - Haiku CPD DWS Historical Water Use
The table below depicts monthly water demand for each use class for several recent years.   Water
use in the Paia-Haiku CPD is predominantly by the single family use class with some agricultural
water use.  These two use classes comprise almost all of the water use in this district.
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Figure 17   Historical Monthly DWS Consumption by Use Class Code: Lahaina CPD

Lahaina CPD DWS Historical Water Use 
The table below depicts monthly water demand for each use class for several recent years.   The
single family and multi-family use classes contribute the largest water demands in this district. 
These use classes show a strong annual cyclical use pattern indicating a substantial component of
outdoor water uses.  A mix of diverse uses including commercial, hotel, industrial and government
uses comprise the remainder of demand.  Substantial portions of hotel and visitor accommodation
uses are included in the multi-family use class or are served by several large non-DWS water
purveyors. 
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Figure 18   Historical Monthly DWS Consumption by Use Class Code: Hana CPD

Hana CPD DWS Historical Water Use 
The table below depicts monthly water demand for each use class for several recent years.   The
single family use class contributes the predominant water demands for the Hana CPD. 
Government uses and a mix of smaller uses comprise the remainder.  The relatively flat annual
use pattern suggests that outdoor uses are a minor component of water uses.
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Figure 19   Historical Monthly DWS Consumption by Use Class Code: Molokai CPD

Molokai CPD DWS Historical Water Use 
The table below depicts monthly water demand for each use class for several recent years.  
Single family water use is the predominant use class.  The pronounced annual cyclical use pattern
suggests a substantial component of outdoor water use.
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Consumption Per Day Per DWS Single Family Coded Account
Average Gallons per Day per Account (Excluding Accounts with Zero Consumption)

Five YearCalendar Year
Average20062005200420032002SUBDISTRICTAREADISTRICT

445.4433.7427.3442.8465.4458.5Paia-KuauCentral
1087.01088.71060.61017.21109.21163.7Spreckelsville
539.4530.4520.8527.1558.5561.3East CentralTotal
535.1537.6540.3519.5549.3528.6Kahului

1405.31499.11186.8976.91689.71674.0Puunene
311.0325.6289.0293.4307.2340.2Waihee
378.5328.4396.8374.8411.3399.7Waikapu
402.8391.1387.9399.9426.4411.9Wailuku
476.4473.6464.2453.4500.8490.8Wailuku Hts
460.5452.4454.4452.0480.6464.4North CentralTotal
866.8864.3881.3838.7887.6862.2Kihei

1496.61276.71317.11424.41755.71708.8Maalaea
1914.62216.02109.01715.11872.61563.5Makena
1831.21705.41779.81793.01980.81897.0Wailea
902.7904.2919.2871.0925.4893.0South CentralTotal
604.3597.8604.0590.6627.5602.4CentralTotal
342.9352.6328.6315.1368.8349.5HanaHana - East Maui
257.5310.9269.4237.7276.1198.3Kaupo
241.8232.1232.7251.2253.4239.0Keanae
350.1284.6380.7400.8384.2305.6Nahiku
323.2325.2314.4308.2346.8321.4East MauiTotal
323.2325.2314.4308.2346.8321.4Hana - East MauiTotal
84.116.894.1159.464.357.5HalawaMolokai

320.9288.0311.6342.2366.7296.5Kalae
457.8413.5442.8442.4505.2487.3Kawela-Kaunakakai
448.2429.3414.8410.7525.1462.4Ualapue-Kamalo
444.9406.9426.3427.7498.4467.5MolokaiTotal
444.9406.9426.3427.7498.4467.5MolokaiTotal
426.1432.4430.4428.0444.0395.1Haiku-PauwelaUpcountry
407.6399.6403.0421.2407.1407.3Kokomo-Kaupakalua
410.2436.0412.3405.6425.8368.9Kuiaha
414.7416.2414.2421.8422.8397.8HaikuTotal
830.2967.4922.8730.2828.9694.3Lower Kula

1017.41066.4972.9715.61094.61239.6Ulupalakua-Kanaio
449.7461.8430.8432.2481.8442.4Upper Kula
572.3616.0582.6526.7597.0533.5KulaTotal
411.6395.1390.3425.3424.7422.7Haliimaile
372.9361.8359.0371.2387.5385.5Makawao
445.6451.1432.3433.1465.3446.4Pukalani
410.4407.4396.6404.1427.3416.8MakawaoTotal
455.7468.5452.7441.6471.6443.2UpcountryTotal
606.6613.8578.4611.7655.7572.3Alaeloa-KahanaWest Maui
302.5257.1333.4290.5311.1314.7Honokohau
731.0717.6714.9688.6746.7799.0Honokowai
656.5636.7646.1648.1682.3669.7Lahaina
653.1639.9638.8643.7682.3662.0West MauiTotal
653.1639.9638.8643.7682.3662.0West MauiTotal
553.4551.2550.3539.7576.1550.1Grand Total

Figure 20   Daily Consumption per Single Family Account by Location
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IV.  DWS Water Demand Projections
This section presents projections of water demand for the Maui Department of Water Supply
systems.  Water demand for private purveyors, non-DWS users, aquiculture, hydro power, reuse
and reclamation will be presented in a separate section of the WUDP.  

This section outlines the selection of methods for projecting DWS water demand, the
consideration, selection and development of demographic and economic data and projections, the
econometric regression and projection procedures and finally a presentation of the DWS water
demand projections.

Consideration and Selection of Water Demand Projection Methods
Various methods of projecting future water demands were examined and considered. These are
briefly described below. 

•   Time series trends.   A simple way to forecast future water use is to project trends of
historical water use.  This approach inherently presumes simply that changes in water
demand will continue in the future at the same rate as in the past.  The only data necessary
for this method are historical consumption (or production) data. Trending can be performed
on the basis of average annual growth or by regression methods. Trends can be performed
on either a linear or exponential basis.

•   Constant use per capita.   Future water use can be forecasted on the basis of
projections of future population growth.  Unless other specific assumptions are made, this
method presumes that water demand will grow in direct proportion to population growth
(constant use per capita).  The data necessary for this method are projections of future
population growth and base year water demand.  Although factors other than population
are not explicitly considered, basing projections on defacto population (which includes
visitor count) is a way to incorporate some consideration of Maui County’s future economic
activity into water demand projections.

•   Econometric regression and projection.  Econometric methods include several
phases of analysis.  First, the relationships of various demographic and economic
parameters are examined and quantified based on historical data.  This process is usually
performed using statistical  regression analysis methods.  Second, an equation (model) is
specified that expresses water demand as a function of explanatory parameters.  The
specification of the model equation is based on consideration of the regression analyses,
basic economic principles and an assessment of appropriate available projections of future
demographic and economic parameters.  Third, future water demand is projected using the
specified demand equation, the historically derived regression relationships and future
projections of the selected demographic and economic parameters.  The data necessary to
perform econometric projections includes a substantial amount of historical data and
projections of appropriate demographic and/or economic parameters. Econometric
methods explicitly incorporate several factors to project water demand.  

•   Land use build-out calculations   One direct method to correlate water consumption
and land use is to estimate the amount of water that would be necessary to serve full
“buildout” of land identified by zoning classification.  A common method is to apply
estimates of water use per acre or per “unit” for each land use category.  The data required
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for this method are (1) an itemization of land area by zoning category and (2) estimates of
water use per land area for each zone.  This method provides a means to associate the
magnitude of potential water demand with specific land use decisions.  It does not,
however, identify future water consumption associated by year.  In practical application, this
method can be used to make short term projections of water use for specific new
developments using estimates of water use per acre or per unit.

•   End-use analysis   Water demand can be categorized in accordance with its end-uses. 
End uses are identified by the specific purposes for which water is used (dishwashing,
laundry, hand washing, irrigation, etc.) and or by the type of fixtures or appliances that use
water (toilets, sink faucets, washing machines, dishwashers).  This approach is not often
used as a primary method to make long range projections of water demand.  End use
analysis is often performed in conjunction with other methods of projecting water demand
for the specific purpose of evaluating and targeting conservation and efficiency measures.

Several criteria were used to determine the most appropriate methods to project future water
demand.  These are listed below:

•   Geographic breakdown   It is necessary to provide water demand projections for each
DWS water system, district (and in some cases subdistrict) as well as for community plan
districts.

•   Time frame   It is necessary to project water demand for a twenty to thirty year period for
purposes of meaningful economic analysis in the WUDP process.  Projections are required
on an annual basis for the initial years of the planning time frame.

•   Availability of necessary data and projections   Data must be available to support
water demand projections.  Different forecast methods have different data requirements.  A
significant consideration is the unavailability of extensive economic data for geographic
subdivisions of the county.

•   Consideration of fundamental parameters   The ability of a forecast method to
explicitly consider fundamental parameters that affect water demand is preferred.  These
include population growth, economic activity, precipitation and water price.

•   Scenarios and uncertainty   Regardless of the rigor of water demand forecasting
efforts there is a significant amount of inevitable uncertainty in future projections.  It is
necessary to generate a range of projections to encompass future contingencies.  It is
preferred  if a range of scenarios can be generated based on explicit alternate assumptions
regarding future uncertainties.

•   Explicit correlation to land use assumptions and decisions    A fundamental
objective of the WUDP is to correlate water use and land use.  A forecast method that
bases water demand projections most directly on specific assumptions that can be
correlated with land use assumptions and decisions is preferred.

•   Consideration of specific known development projects    The CWRM Framework
suggests that WUDP forecasts should explicitly account for known project developments in
the initial years of the planning period. 

In consideration of all of the criteria identified above an econometric regression and projection
method is the preferred method.  This method can provide projections broken down by geographic
area, can produce meaningful projections for the necessary time frames, account for the widest
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range of fundamental parameters and generate scenarios based on explicit assumptions related to
demographic, economic or land use assumptions.

Explicit correlation to land use assumptions and the identification of specific known developments
is addressed in the projections of demographic and economic parameters using the 2006 Socio-
Economic Forecast prepared by the Maui County Planning Department.  This is explained in more
detail in a later section below.

A significant challenge with econometric methods is the extensive data requirements and the fact
that most economic data are available only for the county as a whole and not on a disaggregated
geographic basis.  In order to address this issue a procedure has been designed to provide
geographic breakdowns by DWS water system, district and subdistrict based on historical and
projected data that is available by community plan district.  This procedure is explained in more
detail in a later section below.

Description of the DWS Water Demand Forecast Process
The projections of DWS water demand presented in this chapter are based primarily upon
econometric methods with some reliance on time series trending methods.  Econometric methods
are used to project aggregate DWS water demand for each CPD and each DWS district, system
and subdistrict.  The share of water demand for each class of use within each of these geographic
units is then disaggregated and projected using time series trend methods.

Land use buildout projections and end-use analysis methods are used for specific purposes in
developing the WUDP but are not used as primary methods to project expected levels of future
DWS water demand.

The process for developing DWS water demand projections includes several steps outlined below. 
These steps progress somewhat sequentially but include some iteration and repetition as
information and projections are refined:

•   Collecting and developing historical data

• Developing historical DWS metered consumption data

• Gathering historical demographic and economic data

• Identifying and selecting appropriate demographic and economic projections

•   Econometric regression analysis

• Statistical regression analysis

• Economic analysis and development of demand models

•   Development of econometric projections for each geographic unit

•   Disaggregation of demand by use class

Each of these steps is explained the sections below.
Development of DWS Historical Metered Consumption Data
Historical metered consumption data is available for several periods of record at several levels of
detail.  The availability of historical consumption data in conjunction with the availability of historical
demographic and economic data determined several periods for which statistical regressions were
feasible:



2   The only consumption data available for each individual premises were “rolling” tabulations of
consumption for the twelve previous bimonthly bills used to create the charts of historical consumption provided on
customer bills.  These consumption statistics were not correlated with specific consumption dates and, upon
examination, proved to be prohibitively inaccurate.
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•   32-year period from 1970 - 2001.   Consumption data are available by DWS district,
system and subdistrict by annual fiscal year from 1957 until present.  Comprehensive and
continuous useful demographic and economic data are not available prior to 1970 or, at the
time regressions were performed, after 2001.   Breakdown of consumption by use class or
billing class is not available for this full period of record.  Consumption data for this period
were derived from DWS Planning Division records.  This period of record was used in the
primary regressions used in the econometric projections of DWS water demand presented
in this chapter.

•   17-year period from 1985 - 2001.   Consumption data from annual reports were
developed for calendar years for this period of record for each DWS district.  Calendar year
data for 1985 through 1988 were interpolated from fiscal year data.  Calendar year data for
1999 through 2001 were derived from monthly reported data in the DWS annual reports. 
This period of record was used in several preliminary econometric analyses and projections
including several previous projections for the West Maui district.  

•   8-year period from 1994-2001.   For this limited period of record detailed data are
available for each premises (meter) on the DWS systems.  Consumption data for this period
are available on an averaged monthly basis disaggregated by district, area, system
subdistrict, use class, bill class, meter size, and by individual premises or sets of premises. 
The derivation of this consumption data is described in some detail below.

Development of Historical Metered Consumption Data by Individual Premises
As a part of the WUDP process substantial improvements were made in the DWS record of
historical metered consumption.  Efforts are proceeding to improve the quality of historical metered
consumption data.

Prior to this WUDP effort the DWS maintained records of metered consumption by district, system
and subdistrict on an annual basis.  Consumption by district as a whole was also reported on a
monthly basis.  All of these tabulations, however, were posted to historical records at the date of
billing which lags the date of water consumption by several months.  There were no records that
identified historical consumption for each individual premises (meter).2

Billing services for the Maui DWS are provided by the Honolulu Board of Water Supply (HBWS). 
Historical metered consumption data were obtained from the HBWS by retrieval from archived
electronic storage media.  Unfortunately all historical consumption and billing records maintained
by HBWS prior to the Spring of 1993 were not retrievable and are considered destroyed.  Paper
hand written records of historical meter readings are archived by the Maui DWS but retrieval of this
information is a substantial task that has, as of this date, not been undertaken.  

Several raw data files with records of historical metered consumption were obtained from HBWS. 
Using several computer programs written for this specific purpose these historical data were
parsed and compiled into a consumption database that includes continuous consumption data for
each DWS premises from June 1993 until present.  This record includes the periods of transition
between a CIS and CAS accounting system and transition between manual-read to radio-read
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metering system. 

In order to be useful for planning purposes the historical data were converted from a two-month
rolling billing date format to a calendar month consumption period format.  Billing data are based
on meter readings taken every two months.  These meter reading periods are staggered
continuously throughout each two month period as meters in each district are read sequentially. 
Metering data is posted to the HBWS billing database at the time each bill is mailed.

In the new format the metered consumption from each two month billing period is tabulated and
posted to the consumption database by calendar month based upon the number of days between
meter reading dates that fall in each month.  This method allocates metered consumption to the
dates that water was consumed.  It represents a monthly tabulation of a symmetrically weighted
two month moving average of water consumption.

For purposes of the water demand projections a one calendar month summary reporting basis was
selected.  A monthly format is approximately consistent with the optimum use of the information
contained in staggered two-month metering period data.  Monthly calendar reporting is consistent
with the monthly basis used in reporting many other data including DWS production data, weather
data and provides sufficient resolution to provide both calendar year and fiscal year tabulations.  

In the process of converting the raw data from the HBWS to a useable database format several
significant discrepancies were noted.  These include discrepancies in (1) the classification of
premises geographically to district, system and subdistrict, (2) the classification of premises to use
class (customer class) and (3) several large outlying apparent errors in reported consumption. 
Many errors in reported consumption were traced to the period of conversion from manual-read to
radio-read metering systems.  As part of the forecasting process substantial effort was made to
reclassify premises to geographic unit and use class based on subjective judgement and available
data.  GIS layers were developed to verify geographic location for those premises with valid Tax
May Key numbers.  A substantial effort was also made to adjust outlier consumption readings
where available billing and metering data were sufficient to determine that consumption readings
were likely in error.

After the publication of the Preliminary Draft version of this WUDP Water Demand Chapter the
DWS commissioned the Honolulu Board of Water Supply to revise the compilation method and
formats used to report water consumption data for the DWS.  The new compilation method
incorporates changes to consumption estimates made to correct for ongoing metering/billing errors
and adjustments into the record of historical consumption.  The new reporting format conforms to
the monthly consumption reporting format described above with consumption for each account
allocated to each month based on number of days the billing period falls into each month.  In
conjunction with these revisions the historical record of consumption data was also recompiled,
corrected and reported.  This version of the WUDP Water Demand Chapter incorporates the newer
records of historical metered water consumption in the tables, charts and water demand forecast
projections. 

Adjustment of Consumption Data for Recycled Water and Conservation Programs
One purpose for developing records of historical water consumption is to perform regression
analyses to determine fundamental relationships between demographic and economic parameters
and historical water demand.  For this purpose it is useful to explicitly determine the impacts of



3   The term conservation programs is used loosely here to include specific identifiable programmatic efforts
to reduce DWS potable water consumption.  As applied here this does not include the impacts of ordinances or
statutes mandating the use of low flow fixtures.  The term “demand-side management” is a term consistent with this
definition used commonly in the context of utility resource planning.
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known water recycling or conservation programs3 that reduce water demand to account for these
impacts separate from underlying demographic and economic trends.  The approach used in the
projections presented in this chapter is as follows:

•   Quantify the impacts of known recycling and conservation programs

•   Reconstruct a record of historical consumption that would have occurred without the
implementation of the programs

•   Perform regression analyses on the reconstructed record of consumption to determine
relationships of underlying demographic and economic parameters

•   Project future water demand using the derived regression statistics applied to base year
consumption that includes impacts of previous accounted programs

•   Consider the impacts of future additional recycling or conservation programs separate
from the demand projections as resources applied to meet water demand projections. 

In order to implement this approach the impacts of known recycling and conservation programs
was estimated and disaggregated (based on best available data) to each DWS district and area. 
Only the portion of impacts likely to have displaced potable water needs was considered.  A
reconstructed record of water consumption was developed by adding the impacts of the programs
to the metered consumption records by district and/or area.  The reconstructed record was used in
the statistical regression analyses.

The programs considered included recycled water provided by the Maui County Department of
Public Works (DPW), fixture replacement programs by the DPW, DWS and Maui Electric Company
(MECO), and fixture giveaway programs by the DWS.  The impacts of information programs,
xeriscaping programs and ordinances were not included.

Demographic and Economic Data and Projections
Use of Data and Projections in Econometric Water Demand Forecasts
Demographic and economic data are used in several ways in forecasting future water demand
using econometric methods.  Historical data are used to examine the relationships that underlie
water use patterns.  Projections of demographic and economic data are used as the basis for
water demand projections and to correlate water future water demand to specific assumptions
regarding land use and planning decisions.

The econometric forecasts of water demand presented in this chapter use both historical data and
projections of future demographic and economic parameters.  Historical data were examined by
multiple regression analyses to determine and quantify the relationships of water demand with
respect to various demographic and economic parameters.  All known relevant parameters for
which sufficient data were available were examined, including resident population, visitor
population, defacto population, income, employment (by sector), number of jobs (by sector), water
price, hotel occupancy, number of hotel rooms, precipitation, temperature, etc.  The relationships
of each of these parameters individually and in combination with other parameters were examined
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using descriptive statistics derived by multiple regression analyses.  Regression statistics in
conjunction with fundamental principles of accepted economic theory were considered to
determine which parameters and equations best serve as predictors of future water demand for
each geographic area.  Econometric water demand projections were derived using projections of
relevant demographic and economic parameters. 

Sources of Historical Demographic and Economic Data
Several sources of demographic and economic data and projections were examined and used in
forecasting water demand.  These include:

•   U.S. Bureau of Census: Decennial Census Databases

•   Annual State of Hawaii Data Books

•   Hawaii DBEDT Research & Economic Analysis Division (statistics, reports, forecasts)

•   Hawaii Visitors Bureau annual Research Reports

•   Annual Hawaii Visitor Plant Inventory reports

•   Hawaii Housing Policy Study 1997 Update

•   Maui County annual Data Books

•   Maui Electric Company 1998 - 2018 Sales and Peak Forecast

•   Maui County Community Plan Update Program: 1992 and 2002 studies

• Socio-Economic Forecast Report

• Land Use Forecast Technical Study

• Infrastructure Assessments

•   Maui County General Plan Socio-Economic Forecast: June 2006 update

•   Maui County Real Property Tax Division database extracts

Criteria for the Selection of Data Projection Sources
Several criteria were used to select projections of demographic and economic parameters to serve
as the basis for water demand projections.

•   Geographic breakdown.   Information is necessary that is specific to Maui County that,
to the extent possible, is broken down by geographic subdivisions of the islands.

•   Data series time frame.   Data projections are necessary for the twenty to thirty year
planning time frame. Data must support the development of water demand projections on
an annual basis for the initial years of the forecast time frame.

•   Scope of mutually consistent data series.   Several data series projections are
required that need to be mutually consistent, including population (resident, visitor, defacto)
and indicators of economic activity (income and/or employment, preferably  by sector, jobs,
hotel rooms and occupancy). 

•   Vintage of data.  Projections need to be recent enough to be relevant.

•   Integrity and documentation of data.   Data projections need to be based on sound
assumptions and methods of analysis.  Projections need to be documented sufficiently to



4   In addition to the text of the forecast report, the specific assumptions, methods and calculations are
documented in the spreadsheets used in preparing the Socio-Economic Forecast. 
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ensure integrity and properly characterize underlying assumptions and define the
applicability and proper context for application.

•   Consistency with the Maui County planning process.   It is required that the WUDP
be updated on an ongoing basis to be consistent with the Maui County general plan.  This
is most easily facilitated if the data used in the WUDP are consistent with the county
planning projections and if the impacts of specific land use planning assumptions can be
incorporated into the WUDP.

Selection and Development of Demographic and Economic Projections
Based on the criteria above the primary source of economic and demographic projections used as
the basis for econometric water demand projections is the Socio-Economic Forecast, The
Economic Projections for the Maui County General Plan 2030, prepared by the Maui County
Planning Department, dated June 2006 (2006 Socio-Economic Forecast).  The selection of these
projections was done in conjunction with the econometric analyses described further below.

The projections in the 2006 Socio-Economic Forecast  were completed recently specifically for
Maui County’s land use planning process.  The projections are broken down by island and CPD
and encompass an extended time frame.  The scope of data series projections is robust and the
assumptions and methods are documented.4  Specific assumptions regarding both short term
known projects and long term economic assumptions and methods are incorporated by the
Planning Department in preparing the 2006 Socio-Economic Forecast.   Using the SMS Report as
the primary source of economic and demographic projections supports the objective that the
WUDP should be consistent with the Maui County General and Community Plans and allows
specific land use assumptions and decisions identified in the county planning process to be most
directly correlated to the WUDP.

The Preliminary Draft of the Water Demand Chapter used the earlier 2003 Socio-Economic
Forecast as the basis for demographic and economic projections.  Several modifications to the
projections were made by HDA to the 2003 projections for purposes of the water demand
projections in the Preliminary Draft.  The range of growth scenarios was expanded substantially,
the time frame of the projections was extended to 2030 from 2020 and an alternate method of
allocating projected growth between CPD’s was utilized.  The updated 2006 Socio-Economic
Forecast addresses and mitigates the primary concerns underlying these previous adjustments. 
As a result, in this update of the Water Demand Chapter several adjustments are no longer
necessary.  The assumptions in the Preliminary draft and this updated draft of the Water Demand
Chapter are identified for each of the adjustments identified below:

•   Development of a broad range of five growth rate scenarios

•   Extension of projections to a thirty year time frame

•   Development and projection of data on an annual basis

•   Allocation of projected growth between CPD districts

•   Derivation of defacto population data and projections

•   Accounting for specific known projects
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Each of these extensions and adjustments to the Socio-Economic Forecast projections is
discussed below.

Development of a Broad Range of Growth Rate Scenarios
The Socio-Economic Forecasts (both the 2003 and 2006 updates) utilized analyses performed for
Maui County by the Hawaii DBEDT Research & Economic Analysis Division using a state regional
forecast model.  The DBEDT model provided high, base and low case projections of fundamental
economic and demographic parameters for the County of Maui as a whole.  The Socio-Economic
Forecast reports document the methods by which these projections were allocated first to Maui
County’s three principal islands and then to the CPD’s on the Island of Maui.

The 2003 Socio-Economic Forecast that was used in the Preliminary Draft of the Water Demand
Chapter did not project much difference between the base, low and high scenarios.  For purposes
of the Preliminary Draft, HDA developed a wider range of five growth rate scenarios in order to
consider a wider range of possibilities for purposes of water planning analyses.

The 2006 Socio-Economic Forecast projects a robust set of base, high and low case projections. 
In this update of the Water Demand Chapter the base, high and low case projections developed in
the 2006 Socio-Economic Forecast are used without alteration in the development of base, high
and low case water demand projection scenarios.  In addition to these three scenarios a medium-
high and a medium-low case were developed by interpolation between the base and high case and
the base and low case scenarios respectively.  

Development and Projection of Data on an Annual Basis
The Socio-Economic Forecast provides historical and projected parameters by five or ten year
increments.  For purposes of the WUDP it is necessary to project water demand on an annual
basis for the initial years of the planning period.

Annual projections for a thirty year study period were produced by interpolating between the five
and ten year increments provided by the Socio-Economic Forecast.  Historical data were
interpolated, when required, using available annual statistics as indices where possible and on a
simple linear basis where necessary.  Forecast projections were interpolated on a simple linear
basis.

Allocation of Projected Growth Between CPD Districts
The Socio-Economic Forecasts rely on projections of demographic and economic parameters
provided by an analysis performed for Maui County for this purpose using the DBEDT regional
forecast model.  This model provided parameters for the County as a whole.  The Planning
Department allocated the demographic and economic projections first to the Islands of Maui, Lanai
and Molokai and then allocated the Maui island projections to each community plan district. 
Resident population and visitor census are the fundamental drivers of the projections of
demographic and economic parameters in the DBEDT projections and the SMS Report.

In the Preliminary Draft of the Water Demand Chapter the allocation of the Maui Island
demographic projections to the individual CPD’s was modified by HDA.  The reasons for the
modifications and the methods used are documented in the Preliminary Draft.  The 2006 Socio-
Economic Forecast addresses the previous concerns underlying the need to make these
modifications.  In this updated Water Demand Chapter the allocations of the Maui Island
demographic and economic projections to the individual CPD’s are used without modification.
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In addition to the allocation of the demographic and economic projections to each CPD a further
refinement was incorporated in this update of the Water Demand Chapter.  For the DWS
Upcountry district, projections of resident population and average visitor count were developed for
each of the four interconnected water systems.

Derivation of Defacto Population Data and Projections
Defacto population is the average total number of people present, including both residents and
visitors.  The Socio-Economic Forecasts provide projections of defacto population for each island
but do not provide projections for each CPD.  

Projections of defacto population were derived for each CPD using the formula identified in the
Socio-Economic Forecast report text using projections of resident population and average visitor
count by CPD in conjunction with an estimate of average number of residents traveling off-island: 

Defacto Population =  "Res. Pop. *  2000 in transit ratio + AVC"

Accounting for Specific Known Projects
The Socio-Economic Forecasts incorporate consideration of specific known development projects
for each CPD.  These projects are taken into consideration in the estimates of new housing units
for each CPD.  The estimates of new housing units in turn are used to determine the proportional
allocation of new housing units to each CPD which in turn determines the distribution of population
growth in each CPD.

In the Preliminary Draft of the Water Demand Chapter several adjustments were made to the tallies
and assumptions regarding specific known projects.  These are documented in the Preliminary
Draft.

The assumptions used and reported in the 2006 Socio-Economic Forecast were not changed in
deriving the projections used in this updated Water Demand Chapter. 

Econometric Analysis
The purpose of the econometric analysis described below is to formulate a “model” that can be
used to develop meaningful projections of future water demand.  The first step is to determine and
quantify the relationship that various demographic and economic factors have on the level of water
demand.  Then, using historical records, statistical analysis methods and fundamental economic
principals, various possible explanatory factors are examined to determine a combination to serve
as predictors of future water demand.  A forecast equation (model) is formulated that can be used
to derive projections of future water demand based on projections of the explanatory factors.  The
implementation of this procedure is described below.

Statistical Regression Analysis
A spectrum of relevant explanatory parameters for which sufficient data were available were
examined to determine and quantify correlations with water demand.  The factors that were
examined included:

•   resident population
•   average visitor census
•   visitor arrivals and departures
•   defacto population



5   The matrix is a spreadsheet table of “cells” with one set of rows for each demographic and economic
parameter (including resident population, non-zero services, visitor census, defacto population, jobs, hotel jobs,
precipitation, temperature, hotel occupancy, etc.).  There is one column for each customer class in each area in each
district.  Each cell includes the correlation coefficient, R-squared, elasticity, standard error and t-statistic for the
explanatory parameter (row) and the water consumption for the district/area/class (column).

This is referred to as a bivariate regression because only one explanatory parameter is considered with
respect to one consumption statistic.  The short eight year period of record is not sufficient to support multi variate
regression analyses.
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•   number of services
•   income (nominal, real; total, household, per capita; average, median)
•   employment (by sector)
•   number of jobs (by sector)
•   hotel occupancy
•   number of hotel rooms
•   number of bedrooms, bathrooms, structures (tax division records)
•   improved acreage and assessed building value (tax division records)
•   precipitation (various stations, nominal, transforms)
•   temperature
•   water price (nominal, real, average, marginal)

The relationships of historical water demand to each of these parameters, both individually and in
combination with other parameters, were examined using multi variate regression analysis. 
Regressions were performed for several periods of historical record at several levels of
aggregation as dictated by the scope and quality of available information.

•   8 - year period of record: monthly data 1994 - 2001.   

• An extensive bivariate regression matrix5 was developed indicating correlation
regression statistics and elasticities for a list of demographic and economic
parameters for each customer class in each DWS district and area.   This matrix
was used to examine the basic relationships of explanatory parameters with water
demand by customer class and geographic area.

• A series of monthly regression analyses was performed for this period of record to
examine annual cyclic relationships including precipitation, temperature and visitor
census.  The monthly analyses also examined relationships between metered
consumption and production.

•   17 - year period of record: calendar year annual data  1985 - 2001

• Several regression studies were performed that rely on calendar year data including
studies of precipitation and temperature and various transforms of weather data.

• Regression studies were performed to examine various combinations of explanatory
variables

• Econometric projections were developed for the previous West Maui district WUDP
effort.

• Econometric projections were developed for a preliminary Central district water
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demand forecast.

• Regression studies were performed examining and verifying the applicability of
regressions based on fiscal year consumption and fiscal year precipitation data in
conjunction calendar year demographic and economic data.

•   32 - year period of record: fiscal year annual data 1970 - 2001

• Regression analyses were performed for each CPD.  These regressions were used
in the econometric DWS water demand projections presented in this chapter.

Specification of Econometric Model
An econometric forecast model is essentially an equation that expresses the relationship between
a dependent parameter (in this case water demand) with one or more independent parameters
(explanatory variables).  There are several common forms of forecast equations that are well
documented in literature.  Two general forms commonly used in forecasting water demand are
additive (linear) forms and multiplicative (log-log) forms.  The econometric models used to derive
the projections of water demand presented in this chapter are in multiplicative form.  Each form is
described briefly below.

Additive forecast equations are appropriate for expressing water demand in terms of several
factors that sum together to create water demand.  An example would be a model that expresses
water demand in terms of indoor uses and outdoor uses.  Water demand would be projected as the
sum of these two terms.  The form of an additive forecast equation is provided below for a case
with three explanatory terms:

where:

Q   represents the predicted quantity of water demand,

X   represents the value of an explanatory parameter, 

b   represents a coefficient derived by regression, and

a   represents a constant derived by regression.

Multiplicative forecast equations are used to express water demand in terms of several explanatory
factors all of which affect composite water demand.  An example would be a model that expresses
water demand as a function of population, precipitation and water price.  Each of the explanatory
factors affects water demand but the effects are not additive.  The form of a multiplicative forecast
equation is provided below for a case with three explanatory parameters:

or equivalently in the logarithmic form used for linear statistical regression analysis:
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A multiplicative equation form is used in the econometric analysis and projections presented in this
chapter.  This form best utilizes the available data. 

The multiplicative equation form has an important characteristic that is useful conceptually.  Using
this form the “b” coefficients derived by regression analysis represent “elasticities”.  There is one
elasticity derived for each explanatory parameter.  Each elasticity expresses the percentage
change in water demand that is predicted by a percentage change in the explanatory parameter. 
For example, if regression analysis determines that b = 1.1 for the population parameter, this would
mean that a one percent change in population would be expected to result in a 1.1 percent change
in water demand.  This characteristic of the multiplicative form is convenient in the meaningful
conceptualization of regression results.

Using the multiplicative form requires careful consideration of the relationship and compatibility
between explanatory parameters.  It is important in selecting parameters for multi variate
regression analysis to respect several foundational statistical principles.  One important principal is
that all of the explanatory parameters should be statistically independent.  If two or more
explanatory parameters are substantially statistically correlated with one another the mathematics
of the statistical regression analysis will be confounded leading to spurious results.  For an extreme
example, it would not be meaningful to analyze water demand using both residential population
and defacto population as explanatory parameters.  These parameters include the expression of
redundant information and are highly statistically correlated.  Using both of these parameters as
explanatory parameters in multi variate regression analysis would produce indeterminate and
useless results.

The requirement that explanatory parameters be statistically independent is an important and
sometimes dominating factor in selecting explanatory parameters to serve in an econometric
model.  This is discussed in more detail below

Criteria for Selection of Econometric Model Explanatory Parameters
A broad spectrum of potential explanatory parameters was considered.  These are listed above. 
The relationship of each of these parameters to water demand was evaluated individually and in
combination with other parameters.  The objective of the analysis was to select a combination of
explanatory parameters to serve as meaningful predictors of future water demand.  Several criteria
were considered in selecting explanatory parameters.

•   Statistical correlation to water demand.  In order for a parameter to be useful in
predicting water demand its relationship to water demand should be demonstrable and
quantifiable, individually and in combination with other parameters.

•   Availability of appropriate projections of explanatory parameters.  In order for an
explanatory parameter to be useful in deriving an econometric projection of water demand it
is necessary to use projections of the parameter through the future forecast period. 

•   Consistency with accepted economic principles.

•   Usefulness in later WUDP analyses.  Specification of some parameters in the forecast
equation is useful for analyses used in later stages of the WUDP process.  Water price and
precipitation, for example, are useful in characterizing various possible future scenarios to
be analyzed in the WUDP process even though these are not exogenous parameters that
are projected through the forecast period. 

•   Statistical independence with other parameters.  In order to maintain the mathematical



6   For example, with population considered as a parameter, income would be expressed in the form of per
capita income to maintain statistical independence.  This is necessary because population and income are highly
statistically correlated and cannot be used simultaneously as explanatory parameters.  Using per capita income uses
the same information in a form that is more statistically independent.

7   Resident population and other historical statistics are measured with most accuracy each ten years by
census.  Statistics for years between the decennial census benchmarks are estimated by interpolation using any of
several alternate methods.
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integrity of the statistical regression analyses, parameters need to be capable of expression
in a form that is statistically independent of other selected parameters.

Selection of a Primary “Counting” Parameter
The basic approach in selecting candidate explanatory parameters was to start with selection of
candidate primary “driving” or “counting” parameters representing basic demographic or economic
growth.  Accompanying parameters were then expressed in a statistically independent form.6 

Several parameters were analyzed as primary driving parameters for individual sectors and for
geographic units as a whole:

Resident Population interpolated by Maui County R. Pop estimates (DBEDT)7

Resident Population interpolated by Tax Div. Assessed Bathroom Count
Defacto Population (CPD R.Pop plus CPD % of Visitor Count)
Tax Div. CPD Assessed Bathroom Count
Tax Div. CPD Assessed Structure Count
Employment
Wage and Salary Jobs
Income

Each of the candidate primary parameters was analyzed by multi variate regression with other
accompanying explanatory parameters, both individually and in appropriate combinations.  For
example:

resident population with combinations of
visitor census
per capita income
water price
precipitation
temperature
wage and salary jobs per capita
hotel jobs

defacto population with combinations of 
wage and salary jobs per capita
hotel jobs
per capita income
water price
precipitation



Maui WUDP Demand Chapter               DRAFT           Haiku Design & Analysis                      Page 42

temperature

wage and salary jobs, employment and income with
visitor census
water price
precipitation
temperature

Analysis was performed for the following CPD’s:

Wailuku - Kahului 
Kihei - Makena
Lahaina
Paia - Haiku
Makawao-Pukalani-Kula
Lahaina
Hana

Defacto population was selected as the best primary "counting" parameter for each of the CPD’s. 
There are several reasons for selecting this statistic as a primary regressor.  

First, the regression statistics are favorable.  The correlation with water demand for all CPD’s is
excellent.  The elasticity is close to one, indicating that water demand is closely proportional to
defacto population.  Defacto population was a better regressor than resident population when
examined in conjunction with other regressors, including precipitation and price effects.

Second, defacto population projections can be constructed for each CPD using the Planning
Department Socio-Economic Forecast.  It is important in selecting regressors to make sure that
reasonable projections are available so that the regressor can be used effectively in making
projections of water demand.  It is especially appropriate to use statistics that can be derived from
the county long-range planning studies so that water demand can be estimated corresponding to
decisions or scenarios that are to be considered in the General and Community planning process.

Third, from a theoretical standpoint, defacto population is a good statistic to use in projections that
incorporate both domestic and commercial water consumption.  Defacto population is an
aggregate of resident population and visitor count.  For Maui's significantly tourist-driven economy,
visitor count is a reasonable indicator of economic activity.  In the context of land-use planning
defacto population is sensitive to decisions and scenarios that contemplate different intensities of
hotel and commercial growth as well as growth in resident domestic consumption. 

For regressions that disaggregate consumption into different customer classes (resident vs visitor,
single family vs multi-family, domestic vs commercial/industrial, etc.) it may be appropriate to use
residential population for some customer classes and one or another statistic representing
commercial activity for other classes.  As discussed in more detail below, however, geographic
units were not disaggregated by use classes for purposes of developing econometric projections. 
For use in projections of aggregate water consumption by CPD, defacto population is a good
single-statistic "counting" variable. This is consistent with theory, appropriate for the intended
application of the forecasts and is verified by the empirical regression analyses.

Level of Geographic Aggregation
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Water demand could be projected for any of several levels of geographic aggregation.  For
example, projections could be performed for the county as a whole, by island, by CPD’s, by DWS
district, by demographic area or by DWS subdistrict.  

Ultimately, for the purposes of the WUDP and DWS planning, water demand projections are
necessary by CPD, DWS district, system and, in some cases, by subdistrict.  Careful consideration
was given to determine a level of geographic aggregation that is appropriate considering the
availability of data and the ultimate purposes of the water demand projections.

The most appropriate available projections of economic and demographic parameters were 
projected initially by a state regional model adapted for Maui County (by DBEDT) and then were
broken down by island and by CPD (by the SMS Report).  Useful economic and demographic
projections are not available for each DWS water system or subdistrict.   

To meet the ultimate needs for geographic aggregation with available data, DWS water demand is
projected by 

•   determining regression statistics for each CPD, 

•   developing econometric projections of unit water demand growth factors for each CPD  

•   projecting water demand for each subdistrict according to unit growth factors
corresponding to CPD location and 

•   aggregating subdistrict projections to systems, areas, districts or CPD’s as necessary.

Level of Sector Aggregation
Water demand can be projected for each geographic unit as a whole or it can be projected for
individual sectors within each geographic unit.  Sectors could include:

•   bill classes (general, agricultural, non-potable), 

•   “customer classes” (single family residential, multifamily, commercial, hotel, industrial,
agricultural, government, religious institutions), or 

•   some aggregates of these classes.  

Various combinations of class aggregations were considered and analyzed including

•   Residential / Non-residential / Agricultural
•   Residential / Non-residential
•   General / Agricultural
•   Domestic / Commercial / Agricultural
•   Residential / Hotel / Commercial / Agricultural
•   No use class disaggregation

Regression analyses were performed for several combinations of regressors for several types of
class aggregations.   For example, the following sets of explanatory parameters were examined in
for several geographic areas for two sectors: residential (single family and multifamily) and non-
residential (all other excluding agricultural)

RESIDENTIAL NON RESIDENTIAL
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(1) defacto population defacto population

(2) defacto population defacto population
water price water price
income (real, per capita) income (real, per capita)

(3) resident population wage and salary jobs
income (real, per capita)
water price water price

(4) resident population wage and salary jobs
income (real, per capita)
water price water price
precipitation precipitation

(5) defacto population defacto population
water price water price
precipitation precipitation

(6) defacto population defacto population
water price water price
precipitation precipitation
income (real, per capita) income (real, per capita)

The decided approach was to project water demand for each geographic unit as a whole without 
disaggregating the residential and non-residential sectors.  The share of use by each sector (and
by use class within sectors) within each geographic unit was projected by means of a subsequent
analysis based on a time series trend of the historical sector share.  Agricultural uses were given
individual consideration and treatment as appropriate for each individual geographic unit.  This
approach provides the most detailed and flexible approach to sector disaggregation and
acknowledges the limitations in available useful data upon which to base sector disaggregated
regressions.

One issue that is closely related to the determination of sector aggregation is the determination of
the primary “counting variable”.  Determining a meaningful primary counting variable for non-
residential sectors presents several challenges.  Although several projected parameters indicating
levels of economic activity would seem to be appropriate candidates (income, employment, jobs,
visitor census) none are corroborated by regression statistics.  Statistically, the best primary
regressors for water demand, whether residential or non-residential, are consistently resident
population and defacto population.  Disaggregation of water demand by sector did not yield better
regression statistics than considering each geographic unit as a whole.

A significant factor in the analyses is the quality of data regarding use classification.  Although
each DWS customer is assigned a basic use class (single family, multi-family, commercial, hotel,
industrial, government, agricultural, religious institution, other) the accuracy of these classifications
is poor.  Furthermore, the composition of the large multi-family category is a composite of
residents, time-share and hotel visitor units.  It is not feasible with available data to differentiate
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between resident and visitor components of the multi-family class.  Analysis by use class is
problematic with the current quality of use classification data.

The determination to project consumption by geographic unit without disaggregating the residential
and non-residential sectors was made in conjunction and is co-determinant with the selection of
defacto population as the primary counting parameter in the econometric analyses.  Defacto
population is the sum of resident population and average visitor census and thus includes
components of both demographic growth and economic activity reflecting growth in both the
residential and non-residential sectors.

Precipitation
Precipitation is a major factor in water demand and deserves careful consideration.  A substantial
component of water use is for outdoor uses.  The primarily outdoor use is for irrigation of plants but
other uses include washing cars, sidewalks and driveways and recreational uses.  

The effects of precipitation on water demand can be seen both in cross-sectional and in
time-series analyses.  From a cross-sectional perspective, it is clear that parts of the island with
higher rainfall use less water on a per capita basis than drier parts of the island.  From a
time-series perspective it is clear that in times of lower precipitation water consumption is higher
than during wet periods.

The cause and effect relationship between precipitation and water demand is obvious.  From the
standpoint of regression analysis, however, quantifying this relationship is problematic for several
reasons.

First, changes in water demand resulting from precipitation occur more instantly and often last for a
much shorter period of time than the two-month meter-reading cycle.  Consumption statistics are
two-month averages.  Water demand responds to changes in precipitation on a weekly or daily
basis.  Unless precipitation patterns are long-lived or persistent enough to affect the two-month
averaged meter readings, the effects of water demand are not fully reflected in the available data.  
The annual cycles of precipitation include drier summer months and wetter winter months.  The
response to this cycle in terms of water demand is obvious and significant.  The full effects of the
response in water demand, however, are not completely measured in the available statistics.  The
effects of precipitation in regressions of annual water demand are substantially masked by
temporal averaging but nevertheless are still obvious and significant. 

Second, the response of water demand to precipitation is not a linear relationship.  This is true for
several reasons.  The indoor component of water use is not likely to change significantly in
response to precipitation.   The outdoor component is sensitive to the amount of precipitation but
not in a linear relationship.  It may be just as important how many days there is precipitation in any
particular time period as how much rain falls during the time period.  Excess precipitation beyond
the amount that is useful in displacing irrigation is not likely to have an effect in proportion to the
amount of excess.  For these reasons, various forms of transforms on the precipitation data yield
better correlations with water demand than simple linear regressions against periodic average
precipitation.

Third, precipitation data is extremely variable.  Whereas water consumption and demographic
statistics may vary from year to year as a small proportion of the mean, precipitation varies from
month to month and from year to year as a large factor of the mean.  This presents difficulties in
both the regression process and in application of the derived elasticities in preparing forecasts. 
Econometric forecast models are particularly sensitive to the variance of statistics from the mean
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and can produce spurious results for adjustments to base year precipitation if base year
precipitation is much different than the mean.

Fourth, average annual precipitation statistics are dominated by the large volumes of winter rains. 
Water demand peaks in summer months and is sensitive to the relatively smaller fluctuations of
summer precipitation. 

Several transforms were analyzed for precipitation data from the Kahului Airport and the Kihei
Kulanihakoi Gulch stations.  Continuous rainfall statistics for the Lahaina Airport were considered
but are not continuous through the regression periods.  Improved regression statistics were
obtained by implementing several types of precipitation data transforms.  After examination of the
regressions and consideration of the application of the regression statistics in forecasting
applications, however, it was decided to use precipitation measured at the Kahului Airport for all
CPD’s without transform.  

The Kahului Airport precipitation data has a lower variance than the Kihei data and correlates
better to water demand, even for the Kihei-Makena CPD.  Analysis of East Maui precipitation data
determined that it was highly correlated with the Kahului Airport data and would not produce
different results.  

It was decided not to use transforms on the data because these did not yield sufficiently better
results in conjunction with regressors in multi-variate analysis to justify the complexity and less
straightforward presentation in application to the forecasting process.  Development of a
meaningful and straightforward water demand precipitation index (transform) merits some further
study but is beyond the scope of the instant forecasting effort.

Selection of Regressors and Forecast Variables
Regression analyses were performed with the primary objective of selecting meaningful and
effective parameters for projecting future water demand.  As explained above defacto population
was selected as the primary "counting" variable.  Other explanatory parameters were analyzed
against water demand in conjunction with defacto population.  

The elasticity of water demand with respect to defacto population is close to unity.  This means that
water demand is close to being proportional to defacto population.  Other explanatory parameters
were examined as indicators of per capita consumption (using defacto population as the
denominator for determining per capita consumption).  Where necessary to avoid excessive
colinearity with defacto population, demographic statistics were stated in per capita terms (jobs per
capita, income per capita, etc.)

Explanatory parameters were analyzed and selected independently for each CPD.  The preferred
explanatory parameters selected for all CPD’s were one or more of the following:

Defacto population

Precipitation measured at Kahului Airport

Real water price

Real income per capita

A table is provided below that identifies basic regression statistics for each of several combinations
of these explanatory parameters.  The term “b” is the elasticity for each parameter.  The elasticities



8   The t-ratio expresses the ratio of the magnitude of “b” to the “standard error” associated with the
parameter.  This ratio provides a means to determine the probability or “confidence” that the parameter is a
meaningful predictor of the dependent variable (in this case water demand).  For the sample size in these analyses a
t-ratio of greater than 2.7 in absolute value, for example, would indicate a confidence level of greater than 99%.  A t-
ratio greater than 2.0 would indicate a confidence level of greater than 95%.  A t-ratio greater than 1.7 would indicate
a confidence level of greater than 90%.
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are derived by regression and represent the expected change in water demand that is predicted by
a percentage change in the explanatory parameter.  The term “t” is the “t - ratio” which indicates
the degree of statistical significance for each parameter.8  The term “R^2" (r-squared) indicates the
proportion of variance in water demand that is explained by each combination of explanatory
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Selected Regression Statistics
Water Consumption - Maui County CPD's

CorrelationIncomeWaterPrecipitationDefacto

StatisticReal Per CapitaPricePopulationCPD

R^2tbtbtbtb

0.95124.0190.822Lahaina
0.954-1.452-0.06224.4540.822
0.959-1.809-0.227-1.637-0.05722.3910.859
0.9600.7622.910-1.720-0.218-1.721-0.06111.5830.814
0.98139.0631.220Kihei
0.983-2.139-0.09341.3121.220Makena
0.989-3.831-0.492-2.862-0.10344.8021.277
0.989-0.934-0.372-3.868-0.499-2.670-0.09825.2181.317
0.95023.9510.970Wailuku
0.957-2.083-0.03724.9370.962Kahului
0.969-3.255-0.178-2.454-0.03726.1201.030
0.9721.8300.261-3.342-0.176-2.952-0.04515.3430.942
0.94723.2100.969Makawao
0.977-6.055-0.13034.2950.968Pukalani
0.980-2.123-0.155-6.545-0.13331.9361.003Kula
0.9800.2220.073-2.053-0.153-6.265-0.13411.9830.986
0.95324.6500.985Paia
0.963-2.776-0.26524.6851.047Haiku
0.9753.6730.735-3.353-0.26816.9960.902
0.9773.9700.806-3.400-0.267-1.412-0.00516.2410.881
0.95224.4991.021Hana
0.957-1.835-0.04025.5001.024
0.958-0.583-0.047-1.864-0.04221.3811.040
0.9601.1480.280-0.446-0.036-1.955-0.04310.7450.954
0.7236.2610.876Molokai
0.736-0.815-0.0165.0880.815
0.849-3.118-0.249-2.694-0.0514.1890.600
0.850-0.243-0.060-2.807-0.243-2.350-0.0503.8930.613

parameters. The preferred combination of explanatory parameters used in the econometric 
projections of water demand presented in this chapter are indicated in bold type.

DEFACTO POPULATION

In each CPD defacto population is statistically very significant and is the primary forecast variable. 
In most CPD’s the elasticity is close to one indicating that changes in the magnitude of water
demand are closely proportional to changes in defacto population.  

For the Lahaina CPD the elasticity is substantially less than one (.859).  This is expected due to
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the proportion of recent population and visitor accommodation growth in this area that is served
increasingly by non-DWS water purveyors.  As population has been increasing in this CPD only a
portion of new water demand has been served by the DWS.

For the Kihei-Makena CPD the elasticity of demand with respect to defacto population is
substantially higher than one (1.28).  This  indicates that water demand is growing faster than in
straight proportion with reported defacto population.  This increase is not fully explained by any
increase in the average water use of existing DWS premises.  Water does appear to be growing
more closely in direct proportion to the number of structures (b = 1.02 with consideration of
precipitation and water price).

For the Molokai CPD regression statistics for all combinations of parameters including defacto
population are less than compelling.  The econometric projections for Molokai will be reconsidered
in detail in conjunction with the WUDP process when it focuses there.

PRECIPITATION

Precipitation is an obvious and important determinant of water demand.  The quantification and
significance of the effects of precipitation, however, tend to be underestimated by the elasticities
and correlations derived by statistical regression analyses.  As discussed at some length above,
the effects of precipitation on water demand statistics are masked by substantial temporal
averaging.  Nevertheless, precipitation is an important parameter in the specification of the
econometric projections.

Precipitation is not, strictly speaking, a predictive parameter.  Future precipitation is not forecasted
or predicted in any way except as a continuation of historical averages. Including precipitation as a
regressor in the multi variate regression analysis provides “correction” for weather effects. 
Including precipitation as a parameter in the projection of future water demand  provides a
straightforward and meaningful method to create precipitation scenarios for purposes of economic
and resource planning analyses.

All of the regression analyses were performed with respect to precipitation measured at the
Kahului Airport.  This was done for several reasons.  First, there are not continuous precipitation
statistics for the entire period of record for most CPD’s.  Second, precipitation statistics from some
stations have extreme variances that are problematic in analysis.  Third, the various stations in
Maui County were examined and determined to be highly correlated. The Kahului Airport station
statistics are a good proxy for local station statistics.  Fourth, the derived elasticities are directly
dependent upon the variance of the precipitation statistics of each weather station which are very
different from one another. Using precipitation statistics from one station for the regressions for all
CPD’s allows direct comparisons of elasticities which would not be possible using different
stations.

Elasticities for the effects of changes in precipitation are negative, indicating, as expected, that
increased precipitation results in decreased water consumption.  The affects of precipitation are
greatest in the Kihei-Makena CPD and the Makawao-Pukalani-Kula CPD where the average use of
water per service and the proportion of outdoor water uses for irrigation are highest.

Precipitation was not included as an explanatory parameter for the Paia-Haiku CPD because
regression analyses determined no significant impact of precipitation on water demand in this area.

REAL WATER PRICE
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Real water price elasticities were derived by regression analysis for each CPD and were
determined to be statistically significant for most CPD’s.  Water price was included as an
explanatory parameter in the projections of water demand for all CPD’s with the exception of Hana
(not statistically significant) and Molokai (not sufficiently analyzed).

Including water price as an explanatory parameter in projecting water demand provides a means to
analyze the price effects of future rates, policies and resource mixes on future water demand.  In
the projections of water demand the real price of water is assumed to remain constant.  This
presumes that water price will increase at the rate of general inflation.

It is difficult to resolve conclusive and accurate price elasticity effects using only the DWS and Maui
available information.  Responses to water prices are a mix of both short term behavioral
responses and long term changes to appliance, fixture and water use saturations.  These effects
are difficult to determine conclusively based on available data.  The derived elasticities were
examined for consistency with estimates based on meta-analyses using studies conducted on
other water utility systems. 

The price of water for the DWS systems increased in some recent years including an approved
18% increase to take effect in July 2007 and a further anticipated increase of 12% scheduled to
take effect in July 2008.  These substantial increases in water price occur in the very early stage of
the water demand projections and are exceptional.  In the long term, water prices are assumed to
increase at the rate of general inflation.  Since the demand response to these exceptional water
price increases is uncertain and could be substantial, a range of assumptions was incorporated in
the range of water projections presented in this chapter.   For the base case, medium-low and low
cases the elasticities derived by regression analysis were used.  For the high case it was assumed
that the response to the increase in water price would be one half of what was derived from the
regression analyses.  The medium high case assumes an elasticity between these estimates equal
to three quarters the derived estimate.

REAL INCOME PER CAPITA

Real income per capita was a significant and favorable regressor in conjunction with some
combinations of other explanatory parameters.  This statistic, however, was not selected for use in
the projections of water demand.  A primary reason is that the projections of the rate of growth of
income in the Socio-economic Forecast Report are exactly identical for each CPD and are derived
from population and visitor census information.  Including income as an explanatory parameter
provides little independent predictive information and dilutes the extent to which allocation of
resident population and visitor census to the individual CPD’s provides differentiation between
CPD’s.  As a predictor of overall county water demand, income per capita could be a meaningful
explanatory parameter.  Unless independent projections of income are developed for each CPD,
however, income does not provide sufficient  information additional to the specification of defacto
population (resident population plus visitor census) for each individual CPD.

Econometric Projection Procedure
Econometric projections of water demand were developed for each DWS subdistrict.  The
projections for each subdistrict were summed, as appropriate, to determine projections for each
DWS water system, district and each CPD.  The procedure included the following steps.

•   A unit water demand projection was determined for each CPD using the regression
statistics derived for each CPD and the projections of the selected explanatory parameters



9   The Haliimaile subdistrict growth area falls across the border between the Paia-Haiku CPD and the
Makawao-Pukalani-Kula CPD.  This subdistrict was projected as part of the Makawao water system and is included in
the CPD summaries as part of the Makawao-Pukalani-Kula CPD.
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for each CPD.  The unit projections express the amount of water demand in each future
year as a factor of base year water demand.

•   For the DWS Upcountry District unit water demand projections were made individually
for each of the four interconnected water systems (Upper Kula, Lower Kula, Makawao and
Haiku systems) based on demographic projections for the areas served by these systems.9

•   Using the base year water consumption for each subdistrict and the unit projections for
the CPD (or Upcountry District water system) in which each subdistrict is located a
projection of future water demand was derived for each subdistrict.

Development of a Range of Water Demand Projections
A range of five water demand projections was developed: a base case and high, low, medium-high
and medium-low cases.  

Three projections, the base, high and low cases, were developed based directly on the
corresponding base, high and low case demographic projections in the 2006 Socio-Economic
Forecast prepared by the Planning Department.  These three water demand scenarios correspond
directly to the to assumptions and projections used in the 2006 Socio-Economic Forecast that is
being used in the concurrent Maui County General Plan update process.

The high case water demand projection includes a specific assumption that the incremental
reductions in water consumption that are expected as a result of the near-term DWS water price
increases (18% in July 2007 and expected additional 12% in July 2008) will be only one third what
is predicted by regression analysis and what is assumed in the base and low cases.  Other than
this specific assumption the only difference between the base, high and low case projections is the
use of the base, high and low case demographic projections developed from the 2006 Socio-
Economic Forecast. 

Two additional intermediate projections, a medium-high case and a medium-low case, were
developed by linear interpolation as an average of the base and high cases and base and low
cases respectively.

Disaggregation of Demand by Use Class
Projections of water demand by Use Class Code were developed for each DWS subdistrict.  For
each subdistrict the share of consumption for each use class was determined by a linear least
squares time series trend of recent historical use class share.  Water demand by use class for
each DWS district and area were derived by summing subdistrict usage.

Land Use Inventory Water Demand Estimates
Estimates of the amount of water demand that would result from build out of the existing land use
inventory were developed by CPD and by land use category.  Land Use Inventory by CPD is
documented in the Maui Land Use Forecast, April 2003, County of Maui Department of Planning
Long Range Planning Division (Land Use Forecast).  
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Table 2 from the Land Use Forecast identifies the gross number of acres for currently zoned in
several land use categories for each CPD.  This table is reproduced in the table on page 74 below. 
Water use was projected for each use category using standards for water use for each category. 
The water use standards and estimated water use for each category in each CPD are presented in
the table on page 75 below. 

DWS Water Demand Projections: Tables
Several charts and tables that present the projections of DWS water demand are provided below.
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Figure 22   Actual and Projected Water Demand, Total All DWS Districts, All Metered Uses
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Figure 23   Actual and Projected Water Demand, DWS Central District, All Metered Uses
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Figure 24   Actual and Projected Water Demand, DWS Upcountry District, All Metered Uses
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Figure 25   Actual and Projected Water Demand, DWS West Maui District, All Metered Uses
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Figure 26   Actual and Projected Water Demand, DWS Molokai District, All Metered Uses
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Figure 27   Actual and Projected Water Demand, DWS East Maui District, All Metered Uses
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